N-Methylprolines were detected in all fourteen species of Rhamnaceae tested, representing eleven genera and it is probable that these compounds are a chemotaxonomic feature of the family. Various species in different genera of other families previously reported to contain N-methylprolines were examined for their presence, but these were found as constituents of only a limited number of the tested species, although they were a feature of particular genera, for example Annona, Berberis, Phoradendron, Laurus and Trichilia. In most of the species found to contain N-methylprolines, their content was high, the yield from the majority of species being in excess of 0.5 % of the dry weight. In the limited number of N-methylproline-containing species in which both the aerial parts and roots of the same plant were tested separately, these compounds were detected in both, with the yields from the aerial parts being higher than those from the roots. The level of hydroxylation of the compounds in the aerial parts was higher than that in the roots.
Trans-4-hydroxy-N-methylproline has been isolated from a limited number of plant species, which include Croton gubouga (Euphorbiaceae) [1] , Afrormosia elata [2] , Copaifera species [3] , Inga species [4] , Stylosanthes scabra [5] , Bikinia species, Tetraberlinia species and Julbernardia pellegriniana (Fabaceae) [6] , Melaleuca species (Myrtaceae) [7] , Trichilia claussenii (Meliaceae) [8] , Gochnatia polymorpha [9] and Critoniella vargasiana [10] (Asteraceae), Toddalia asiatica (Rutaceae) [11] , Loranthus orbicularis (Loranthaceae) [from 6], Annona cherimola (Annonaceae), Berberis aggregata (Berberidaceae), Laurus nobilis (Lauraceae), Serjania communis (Sapindaceae), Berchemia zeyheri, Ceanothus azureus and Hovenia dulcis (Rhamnaceae) [10] , and the marine red alga Chondria coerulescens (Rhodomeliaceae) [12] .
N-Methylproline has been reported for Trichilia claussenii (Meliaceae) [8] , Inga species (Fabaceae) [4] , Casimiroa edulis (Rutaceae) [13] , Laurus nobilis (Lauraceae) and Serjania communis (Sapindaceae) [10] .
Jones et al. [7] suggested that, in Melaleuca species, the levels of trans-4-hydroxy-N-methylproline were important in determining the drought and/or salinity resistance of the species. They also reported high contents of this compound (in excess of 1%, dry weight) in both M. lanceolata and M. uncinata. Blunden et al. [10] also found high levels of Nmethylprolines in many of the species investigated by them.
It is not known how widespread is the distribution of N-methylprolines in the families in which these compounds have been reported. As a result, we have studied species representing several genera in these families to determine whether the presence of these compounds is a feature of the family, of a genus or of individual species.
Aqueous methanolic extracts of each of the investigated species, after partial purification by passage through a column of ion-exchange resin, were examined for trans-4-hydroxy-N-methylproline, N-methylproline and betaines by TLC and 1 H NMR spectroscopy. In several of the extracts, although neither N-methylprolines nor betaines were detected by TLC, their presence was indicated by the 1 H NMR spectra. This has also been reported for other species [14] . The extracts were fractionated by preparative TLC and the bands corresponding to the compounds indicated by the 1 H NMR spectrum were removed and dried. The compounds were eluted and examined by TLC, 1 H NMR spectroscopy and, when possible, by FAB MS. Quantitative estimation of each compound was made from the semi-purified extracts using a 1 H NMR spectroscopic assay procedure.
Either N-methylprolines or betaines or both types of compound were detected in all the species examined, except Podophyllum hexandrum, a Eucalyptus species and Goniothalamus velutinus ( Table 1) . When betaines were characterized, they were either glycinebetaine or trigonelline or both. N-Methylprolines were detected in all fourteen species of Rhamnaceae tested, included in eleven genera. These compounds were also reported in the three species investigated by us previously, including Hovenia dulcis [10] ; no species in this genus was included in the present study. For the majority of the tested species, the yields were in excess of 0.5 % of the dry weight, the highest value being 3.9 % Nmethylproline for Colletia hystrix and the lowest 0.03 % N-methylproline for Berchemia racemosa.
Berberis aggregata has been reported to contain trans-4-hydroxy-N-methylproline [10] . A further three species of Berberis were tested in this present study and this compound was found in the aerial parts of all of them. However, N-methylprolines were not detected in either of the two species tested in the closely related genus Mahonia, although in the Berberis x Mahonia hybrid (Mahoberberis x aquisargentii), trans-4-hydroxy-N-methylproline was a constituent. In other genera of the Berberidaceae, N-methylprolines were not detected in the species examined of Vancouveria, Podophyllum, Diphylleia, Bongardia and Caulophyllum; although a high content (1.8 %) of N-methylproline was recorded for Nandina domestica (Table 1) .
Trans-4-hydroxy-N-methylproline was isolated in high yield from Annona cherimola (Annonaceae) [10] . A very high yield was also obtained from A. reticulata var. primigenia, but the level in A. muricata was low and the compound was not detected in A. montana. N-methylprolines were not found in the other species of Annonaceae tested (Monodora myristica, Cananga myristica and Goniothalamus velutinus) ( Table 1) .
A high level of N-methylproline in Serjania communis (Sapindaceae) has been recorded [10] . In this current study, N-methylproline was also found in Sapindus saponaria subspecies drummondii, but not in S. drummondi, and trans-4-hydroxy-Nmethylproline in a Paulinia species. In the other species of Sapindaceae studied (Cupania americana, Dodonaea viscosa, Xanthoceras sorbifolia, Koelreuteria paniculata and Nephelium lappaceum), N-methylprolines were not detected, although betaines were constituents of all, except D. viscosa (Table 1 ). In an earlier study [14] , trigonelline was reported as a constituent of Litchi chinensis, but Nmethylprolines were not found.
In the Meliaceae, Trichilia claussenii has been reported as a source of both trans-4-hydroxy-Nmethylproline and N-methylproline [8] . The former of these two compounds has now been found as a constituent of both T. maynasiana and T. trifolia. Trans-4-hydroxy-N-methylproline was also isolated from Melia azedarach, but neither this compound nor N-methylproline was detected in the other species of Meliaceae tested (Cedrela odorata, Guarea guidonia and Toona sinensis), although betaines were constituents of all of these ( Table 1 ).
In the literature, the family with the most species reported to contain N-methylprolines is Fabaceae [2] [3] [4] [5] [6] . However, in this present study, betaines, but not N-methylprolines were detected in all of the tested species in this family (Trifolium pratense, Ulex europaeus, Vicia sepium, Coronilla valentina subspecies glauca) (Table 1) . Similarly, Nmethylprolines were not detected in Lupinus meridanus [14] .
In the Myrtaceae, Melaleuca species contain trans-4hydroxy-N-methylproline [7] , but, in the present study, neither this nor N-methylproline were detected in any of the species examined in this family (Myrtus communis, Luma apiculata, Eucalyptus sp., Leptospermum lanigerum and Psidium guajava). Betaines were present in all these, with the exception of Eucalyptus sp. Similarly, in the Asteraceae, although trans-4-hydroxy-N-methylproline has been reported as a component of both Gochnatia polymorpha [9] and Critoniella vargasiana [10] , Nmethylprolines were not detected in any of the other seven species examined in this family (Table 1) nor in Bidens pilosa, examined earlier [14] .
N-Methylprolines have been reported in two species of Rutaceae, Toddalia asiatica [11] and Casimiroa edulis [13] , but these compounds were detected neither in the two species (Correa backhousiana, Skimmia japonica) tested in this current study (Table  1 ) nor in the four species (in three genera) examined by us previously [14] . In the Loranthaceae, trans-4hydroxy-N-methylproline has been isolated from Loranthus orbicularis [6] . In this present study, the same compound was found in both Phoradendron tomentosum and P. juniperinum (Table 1) , but, unfortunately, we were unable to obtain other species in this family. In an earlier study, N-methylprolines were not detected in Viscum album [14] .
Trans-4-hydroxy-N-methylproline was isolated, in high yield, from Croton ruizianus (Euphorbiaceae) ( Table 1) ; this compound has been reported earlier as a constituent of C. gubouga [1] . N-methylprolines were not detected in either Codiaeum variegatum (table 1) or in seventeen other species of Euphorbiaceae, distributed in eleven genera [15] .
In the Lauraceae, trans-4-hydroxy-N-methylproline and N-methylproline have been reported as constituents of Laurus nobilis [10] . Both these compounds were also found in L. azorica (Table 1) . Trans-4-hydroxy-N-methylproline was isolated from Phoebe sheareri, but neither this compound nor Nmethylproline was detected in the other species of Lauraceae examined (Persea indica, Cinnamomum zeylanicum, C. japonicum, Lindera erythrocarpa and Sassafras albidum ( Table 1) .
All the species in twelve genera (eleven in this current study) of Rhamnaceae examined were shown to contain N-methylprolines and it is thus highly probable that they are a chemotaxonomic feature of this family. Of the other families studied, all of which have been reported to contain N-methylprolines, these compounds were found only in a limited number of species, although they appeared to be a feature of particular genera (Annona, Berberis, Laurus, Trichilia and Phorodendron), but the number of species investigated was restricted. Four Annona species have been examined, one in a previous study [10] , but trans-4-hydroxy-N-methylproline was found in only three of them. It is possible that the fourth species contained N-methylprolines, but at a level too low to be detected using the procedures described (limit of detection about 0.03 %). It is worth stressing that the quantitative estimations made in this study were based on single samples and the values obtained are only indicative, as concentrations will vary within a species and between environments. The trans-4hydroxy-N-methylproline yields varied considerably, from 2.8 %, dry weight, from A. reticulata var. primigenia to 0.08 % from A. muricata. Similarly, Sapindus saponaria subspecies drummondii contained 0.2 % N-methylproline, but neither this compound nor trans-4-hydroxy-N-methylproline was detected in S. drummondi. Again, it is possible that the content of these compounds was too small for detection.
In the species containing N-methylprolines, the contents of these compounds were frequently high. The highest yield was 3.9 %, dry weight, from Colletia hystrix and yields greater than 0.5 %, were obtained from over half of the species examined (Table 1 ). High contents of N-methylprolines have been reported before [7, 10] .
The aerial parts and roots of four species were analyzed for their contents of N-methylprolines. The species selected were Sageretia thea, Discaria chacaya (Rhamnaceae), Berberis wilsoniae (Berberidaceae) and Laurus nobilis (Lauraceae). The compounds were found in both the roots and aerial parts, but the yields from the aerial parts were always noticeably higher than those from the roots ( Table 1 ). In the cases of Sageretia thea and Berberis wilsoniae, only trans-4-hydroxy-N-methylproline was detected in the aerial parts, whereas both this and Nmethylproline were found as constituents of the roots. In L. nobilis, both compounds were found in the aerial parts, but only N-methylproline in the roots (Table 1) . Thus, the level of hydroxylation of the Nmethylprolines is greater in the aerial parts of the plants than in the roots.
Experimental

Plant materials:
The species examined, their botanical authorities, and their places and dates of collection are listed in Table 1 . Voucher samples of all the species tested, except Bongardia chrysogonum, Caulophyllum thalictroides, Cinnamomum zeylanicum and those collected in Table 1 : Trans-4-hydroxy-N-methylproline (4-HNMP), N-methylproline (NMP), glycinebetaine (GB) and trigonelline (Trig) contents of examined plant species. 
Family and species Place of collection
